Background: Family-based child obesity prevention and control strategy has not yet established in many countries or regions, including China, thus what it needs to do now is to continuously develop and improve the strategies. The purpose of this study were to describe a wider spectrum of risk factors of obesity among preschool children and add to the mounting evidence for further improving suggested intervention measures in future family-based programs. Methods: Data was collected as part of a series of national epidemiological surveys in childhood conducted in 9 Chinese cities. A population-based, 1:1 matched case-control design was employed to examine risk factors of obesity by means of conditional logistic regression. Obesity was defined as the International Obesity Task Force (IOTF) BMI-for-age cut offs. Eligible subjects were 1234 boys and 610 girls aged 3-7 years in 1996 and 2290 boys and 1008 girls in 2006, including obese and non-obese. Results: High birth weight, gestational hypertension and parents' BMI were closely associated with childhood obesity. Breast feeding in the first 4 months was a protective factor in univariate model in 2006 (OR = 0.834, P = 0.0234), but the association was not seen in multivariate. Appetite, eating speed, daily time and intensity for outdoor activities, night sleep time, and time for TV viewing were identified statistically by multivariate model. Those children brought up in extended family or mainly raised by their grandparents or lived in high income or low education families might have an increased risk of becoming obese. Parents' attitudes on weight control of their children significantly differed between obese and non-obese groups. Discussion: A wider spectrum of risk factors and an empirical aggregation of family-related risk factors are discussed to further improve future family-based child obesity prevention and control strategies. Most of the risk factors identified by this study presented ranked or quantitative characteristics which might be transformed from unhealthy threshold to healthy range by behavior modification. Some variables are likely to interact each other, such as appetite and eating speed, or outdoor activity and TV viewing, or BMI and income, but which needs to be further explored in future surveys. Conclusions: The family-related risk factors were summarized from our identified risk factors of obesity among preschool children which strongly supported the further development of family-based programs in preschool period.
Background
Global obesity in children has reached epidemic proportions [1] and increased trend of obesity was also documented in Chinese children over the last decades [2] . Contributing factors to the increases in obesity include a decline in positive health behaviors, such as making healthy dietary choices, engaging in physical activity, and limiting sedentary behaviors. Results on 38 published articles of diet, physical activity, and sedentary behaviors showed support for the role of parenting and physical environmental factors [3] . Family and physical environmental contextual factors related to health behaviors are increasingly the focus of health behavior interventions in line with the bioecological model. Family-based program has been used to treat obesity in youth in some countries, but few programs incorporate a theoretical framework for studying a family systems approach in relation to youth health behavior change [4] .
Preschool period is not only the time of the adiposity or body mass index rebound, but also a key link between infancy and school-age period. School-based programs were proved to be effective in reducing obesity for school children [5] [6] [7] . School-based and family-involved obesity intervention program is being tested among children aged 10-12 [8] . As schools are an important setting for health promotion for school-aged children, family environment is regarded as a good setting for preschool children, but family-based obesity prevention strategies in childhood were not paid enough attention and not well implemented in practice.
We have noticed that one systematic review showed the strength of evidence was low to support the effectiveness of family-based child obesity prevention programs [9] . The family-based strategy is however still generally on the primary stage and less well-developed. Family-based strategy has not yet established in many countries or regions, including China [10] , thus what it needs to do now is to continuously develop and improve the strategies according to own characteristics. In addition, it remains unclear for the practical operability of suggested intervention measures and the compliance of children, parents and families for existing family-based strategies. The purpose of this study were to describe a wider spectrum of risk factors of obesity among preschool children from a series of national epidemiological surveys in China [11] and add to the mounting evidence for further improving suggested measures in future family-based obesity prevention and control programs in childhood.
Methods

Data source and subjects
Data were collected as part of the series of the National Epidemiological Survey on Simple Obesity in Childhood (NESSOC) conducted in 9 Chinese cities ( Fig. 1 ) in 1996 Fig. 1 Geographical distribution of the 9 cities (Shaded their corresponding provinces) in China and 2006, respectively. Among the 9 cities, Beijing and Shanghai are municipalities, and the other seven are provincial capital cities: Harbin (Heilongjiang's provincial capital), Xi'an (Shaanxi), Nanjing (Jiangsu), Wuhan (Hubei), Guangzhou (Guangdong), Fuzhou (Fujian), and Kunming (Yunnan). Multistage stratified cluster sampling was used according to districts and kindergarten. In each city, one or more districts were selected as the study units, and those children aged 3-7 years, living in these study units represented the study subjects. Children at age 3 years or older attended kindergartens and started primary school at 7 years in China. The number of kindergartens was estimated based on the total number of children aged 3-7 years and their age distribution in the selected districts of each city, and the participation rate of the study subjects was not less than 95 % in the selected kindergartens [12] . This study protocol was reviewed and approved by the Ethics Committees of the Capital Institute of Pediatrics. In the series of the NESSOC, consent was verbal, but there is not ethics issue. A written informed parental consent was presented at the head of the questionnaire. Before starting the questionnaire and the physical examination, the staffs of cooperating groups explained adequately the purposes and procedures of the surveys, the risk/discomforts and benefits to parents, guardians, and teachers who understand the potential risks and all the questions involved and voluntarily agree to participate in these surveys.
Definition, screening and grouping of obesity
Weight and height values of each child documented annually or semiannually through regular physical examination were taken as a crude screening basis in our studies. Current weight and height values were measured in the field sites of kindergartens for determining obesity using a weight-for-height ≥120 % of median of NCSH/WHO [13] . Any extreme values caused by measurement errors could be easily picked out and corrected immediately according to the child's health record. Secondary or pathological obesity was identified by senior doctors according to "inclusion and exclusion criteria of childhood simple obesity" for separate statistics.
To examine risk factors, the population-based, 1:1 matched case-control design was employed in the series of survey. Due to the variation of potential risk factors among ages and sexes, one identified obese child was matched with one randomly selected non-obese child by sex, age (difference less than half a year) and height (difference within ±3.0 cm) from the same kindergartens.
In order to make results more likely to be compared, in the present analysis we redefined the obesity using the International Obesity Task Force (IOTF) BMI-forage cut-off points [14] . Obese children extracted by the IOTF standards from original dataset and their corresponding non-obese children as the subjects of this study were showed in Fig. 2 .
Questionnaire
The questionnaire included child status in early life, maternal condition during pregnancy, dietary habit, behavior and lifestyle, family information/environments. Set of questionnaire items appropriately adjusted in the series of surveys because of the social changes of China. Potential risk factors and confounders of obesity were chosen in the light of previously reported associations, or plausible prior hypotheses.
Measurement and quality control
Weight and height of all children were measured using unified measuring tools/instruments in a standardized way by specially trained technicians or nurses [15] . The weight was obtained with lever scale to the nearest 0.01 kg with children wearing the lightest vest, shorts or underwear. The height was measured on height board on level ground with bare feet to the nearest 0.1 cm, the back of the head of child, shoulder blades, buttocks and heels all touch the vertical board and a horizontal line from the ear canal to the lower border of the eye socket runs parallel to the baseboard. Errors of weight and height were not more than 0.05 kg and 0.5 cm between two repeated measurements, respectively. Parents could be met in the kindergarten when they picked up their children. Questionnaires involving activity and feeding pattern of the child and parental information such as education level, attitude to obesity and their current weight and height were administered to the parents on the day of investigation. Part of the information about child daily physical activities was reported by kindergarten teachers. The study subgroups of each city collected and checked measurements and questionnaires under the direction of the Beijing Steering Committee that ultimately performed data entry and statistical analysis.
Statistical analysis
Potential risk factors of obesity were examined using univariate and multivariate conditional logistic regression models. Odds ratio (OR) more or less than 1.00 (P <0.05) was considered to be a statistically identified risk factor. Potential interactions were explored between appetite and eating speed, and between outdoor activity and TV viewing, and between parental BMI and income of family. Data were analyzed with SAS version 9.2 (SAS Institute Inc., Cary, NC).
Results
As outlined in Fig. 2 , of the 3294 and 5950 (obese and non-obese) participants based on a weight-for-height ≧120 % of median of the NCHS/WHO reference in the 1996 and 2006 surveys, respectively. The corresponding 1844 and 3298 subjects were extracted in accordance with the IOTF BMI-for-age cut offs. The prevalence of obesity was 1.49 % (boys 1.93 % and girls 1.02 %) in 1996 and 2.64 % (3.47 and 1.74 %) in 2006, with 0.12% point per year of increasing rate (boys 0.15 and girls 0.07). Table 1 presented sample sizes, height and BMI medians (I-III quartile) for obese children and the controls by sex and age in the 1996 and 2006. Comparison of the two groups seems to be not significant difference for height but obviously fatter for BMI in the obese than the controls. Tables 2 and 3 showed high birth weight and gestational hypertension were associated with children obesity.
Intrauterine and perinatal factors
Gestational diabetes seemed to have no role in early obesity. From the feeding pattern in the first 4 months, breast feeding was a protective factor in univariate model in 2006 (OR = 0.834, P = 0.0234), but the association was not seen in multivariate. (Tables 2 and 3) .
Family environment
Compared with parents based nuclear family, those children brought up in extended family (including grandparents) might be at an increased risk of becoming obese. Those children mainly raised by their grandparents might be more susceptible to obesity than those looked after by parents. Higher or lower income families might have a negative effect on weight gain of children, and high income family ultimately entered multivariate logistic regression (Tables 2 and 3) .
Parents' BMI
Association of children obesity with their parents' BMI was repeatedly identified in the 1996 and 2006. In addition, the influence of mother and father family history of obesity on children obesity was also observed in the 1996 (Tables 2 and 3) .
Parents' education and attitude
Parents' education at college and over might be a protective factor for children obesity, and father education was further screened out by multivariate model in the 2006. In the 1996, 15.7 % parents were not aware of the obesity of their children and 30.0 % parents did not control food and diet intakes for their children in obesity group; only 8.9 % parents helped their children select food in comparison with the proportion of 27.9 % in the controls (P <0.01). In the 2006, still 11.2 % parents didn't realize the obese status of their children for the obesity, and 18.7 % parents believed obesity was a good thing for boys in the obese and the proportion was 14.7 % (P <0.01) in the controls.
Discussion
Not only is obesity increasing worldwide, but no national success stories in obesity prevention and control have been reported over the past decades [16] . Obesity epidemics driven by complex forces require system thinking to conceptualise the causes and to organise evidence needed for action [17] . To the authors' knowledge, obesity prevention and control for preschool children was not yet paid enough attention in comparison of adults and teenagers. To some extent, data sets of risk factors for childhood obesity are not well established because of the difference of lifestyles, behaviors and social cultures among different nations, countries and regions. Some highly suspected risk factors associated with preschool children obesity have not yet integrated systematically an effective force to counter rapidly rising obesity rates.
Childhood obesity prevention research must now move towards identifying how effective intervention components can be embedded within health, education and care systems and achieve long term sustainable impacts [18] . In this study a wider spectrum of risk factors and an empirical aggregation of family-related risk factors are discussed to further improve future family-based child obesity prevention and control strategies. Genetic factors and intrauterine/perinatal status may influence the susceptibility of individuals to weight gain. The percentage of obesity that could be attributed to genetics varies from 6 to 85 % depending on examined population [19] . Our study demonstrated parental obesity and maternal/paternal obesity affected the weight status of the offsprings which were also observed in rural China [20] . High birth weight and gestational hypertension were considered to be at high risk of future obesity, suggesting the importance of early environments from pregnancy and infancy. Increased risk of birth weight and maternal BMI on early childhood obesity was also confirmed by a cohort study from China [21] . These evidence was consistent with a cohort study on early life risk factors for obesity in childhood in the United Kingdom [22] .
Dietary changes towards higher in fats and calories and increasing physical inactivity have been driving progressive increase of weight and epidemic of obesity among Chinese children after the economic transition [23] . Preschool children in Chinese high-income families started to be exposed to those foods with high calorie and high fat, such as Western fast food, fried foods, sweet drinks and so on. Perhaps there are also such some sedentary lifestyles for children in this age as watching TV viewing/video games and taking training courses of outside kindergarten (e.g. foreign languages, drawing and piano). One study from Bangladesh showed limited exercise and high levels of sedentary activities along with having overweight parents more often lead to obesity [24] .
There is consensus that changes in lifestyle behaviors are driving the obesity epidemic [25] . Families and parents have profound influence on obesity-related behaviors of their children. Current review has emphasized the role of the home and environment in affecting health behaviors in children and adolescents at high risk for developing chronic disease [3] . Despite observational evidence for the role of parenting in children's weight-related outcomes emerged, few interventions have been developed that address general parenting in childhood obesity prevention [26] . Our study showed children who were mainly raised by their grandparents were more likely to suffer from obesity, which was also seen in another study from China [27] . Children living in low educational background of parents or families were more likely to be obesity because of a shortage of the knowledge of food selection, energy balance and weight control. Many in China have viewed plumpness as a sign of prosperity and healthy development and accepted the perception "boys should be stronger and bigger". And because of the impact of the one-child policy, only one child in a family was usually doted upon by their parents and grandparents who are almost given all the treats available with a rising income [28] . Sex difference, higher prevalence of obesity in Chinese boys than girls, reflected the potential impact of ethnicity and socioculture of different countries or regions. So the perspective about the importance of ethnicity and culture should be taken into consideration [29] . Childhood is an important period of a person for the shape of behaviors, habits and lifestyles which mostly originated from their parents and families. The impact of families on childhood obesity is strongly supported, implying the value of family interventions involving obesity-related behaviors. One recent study concluded the effectiveness of family-based behavioral multi-component intervention for the treatment of overweight and obese children [30] .
Most of the risk factors identified by this study presented ranked or quantitative characteristics which might be transformed from unhealthy threshold to healthy range by behavior modification. The present work paves a path for further revising or developing family-based child obesity prevention programs. Future suggesting measures might focus on the amelioration of eating behavior, physical activity, sleep and TV viewing on all fronts to prevent the occurrence of obesity. Our study is in agreement with three major obesity-related behaviors, i.e. dietary intake, physical activity and sleep [31] . Parents played the leading roles in their sharing milieu, and their healthy lifestyles or behavioral habits could be infiltrated to their children. Children in this age are usually enrolled in kindergartens. Earlier studies have indicated that school and family environments are key determinants of energy-balance behaviors in school children. Therefore, kindergartens and families should collaborate with each other to create a better growth environment for the well-being of children.
Some variables are likely to interact each other, such as appetite and eating speed, or outdoor activity and TV viewing, or BMI and income. According to the results of univariate analysis for 2006 data, the interaction between appetite and eating speed was significant for the level of fast eating speed and good appetite, with OR = 30.167 (P <0.0001, 95 % CI (19.962-45.588)), average level as control; the interaction of time of outdoor activity and time of TV viewing (as continuous variable) was significant with OR = 1.041 (P = 0.0015, 95 % CI (1.016-1.067)); the interactions of income of family and father obesity were significant with OR = 1.479 (P <0.0001, 95 % CI (1.356-1.612)) and with mother obesity with OR = 1.522 (P <0.0001, 95 % CI (1.354-1.710)). However, these interactions of the aforementioned factors could not enter the multivariate models at the 0.05 level of p value, perhaps their effects need to be further explored in future surveys.
Conclusions
Health depends more on living conditions, behavior lifestyle and guarantee of medical expenses and the early prevention and control for excessive weight gain is often therefore considered as the most effective way to reduce the risk of overweight and obesity. Although some risk factors identified by this study were also reported in other studies, we observed obvious characteristics of family clustering of risk factors of obesity in the earlier stage of life. A majority of our identified influence factors could be summarized an empirical aggregation of family-related risk factors involving family heredity history, fetal birth weight, parents' attitude to obesity, eating behavior, physical activity, TV viewing, and raising kids by grandparents. Family-related risk factors, as an integrated concept, would be helpful to promote future family-based prevention and control programs, early detect potential high-risk individuals in early life and enable provision of flexible and personalized interventions based on personal behaviors and needs of the child. According to our results, the family-related risk factors strongly supported the further development of family-based programs in the preschool period. Our study would also add to mounting evidence for future suggesting measures in the process of family-based obesity intervention programs in childhood. 
